environment and that the citizens and the Government are responsible in the protection and improvement of the environment. The Environmental Law, besides these basic principles, states that all measures should be taken to minimize pollution in every economic activity. For the implementation of the Environmental Law, several regulations, fully recognizing the principles of environmental management, were published in the official gazette since 1983. The first issued regulations are:
• Air Quality Control Regulation (1986)
• Noise Control Regulation (1986)
• Water Pollution Control Regulation (1988)
• Solid Waste Control Regulation (1991)
• Environmental Impact Assessment Regulation (1993)
• Hazardous Waste Control Regulation (1995) After Turkey became a candidate state of European Union (EU) at the Helsinki European Council in 1999, the Accession Partnership, which was proposed by the European Commission in 2000, also identified the environmental priority areas. Besides many others, one of the priority areas was to ensure environmental protection, implementation of the acquis with particular attention to the framework legislation, horizontal legislation and legislation on nature protection, water quality and waste management. Thus, the adaptation of EU directives into the national legislation resulted in the revision of present legislations and enforcement of many others including those on soil protection and pollution control (Okumuş, 2002).
Environmental Policies and Strategies
Turkey, recognizing the pressures on the environment from rapid economic growth, took the first step for the development of an environmental policy in the Third Five-Year National Development Plan (1973 Plan ( -1977 with the inclusion of the 'Environmental Management' concept. For the implementation of environmental protection issues and creating solutions on local and national level, the Undersecretariat for Environment was founded. However, the enforcement of an environmental policy has been difficult for years, since priority was given to industrial investments. 'Sustainable Development' was adopted as the central concept for the period 1991-1996 (Sixth Plan), and 'Protection and Improvement of the Environment' was a major objective for the period 1996-2000 (Seventh Plan) (OECD, 2000) . The major objectives, principles and policies of the Seventh Five Year National Development Plan were determined as (State Planning Organization, 1998):
• emphasizing pollution prevention rather than clean-up;
• using an appropriate combination of economic and regulatory instruments;
• developing regional and eco-basin strategies;
• strengthening the system of environmental management;
• ensuring that policies and solution are in accordance with EU norms and international standards;
• revising and enhancing the financing system for environmental protection, management and improvement;
• promoting environmental awareness through formal and non-formal channels,
• ensuring compatibility between economic development and environmental protection.
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Nevertheless, the Seventh Five-Year National Development Plan noted that environmental concerns have not been adequately incorporated into all economic and social decisions or in legislative/organizational arrangements till then (State Planning Organization, 1998). Thus, to implement the objectives of the Seventh Development Plan, a National Environmental Action Pla n ( N E A P ) w a s p r e p a r e d b y t h e S t a t e Planning Organization (DPT) in cooperation with the Ministry of Environment and financial support of the World Bank. Under the authority of the Prime Ministry, State Planning Organization takes strategic decisions on investment priorities based on investment requirements in all areas of economic activity. The State Planning Organization has the power to require that environmental considerations are incorporated into investment proposals, which are totally or partially financed from public funds (Okumuş, 2002) . The Preparation process of NEAP started in 1995 with tremendous efforts of nineteen working groups representing local and national governmental authorities, municipalities, the private sector, academia, non-governmental organizations, members of media and donors (the UNDP and World Bank). These groups produced reports and recommendations on air quality, natural, historical and cultural heritage; demography and public health; soil, water, solid waste, wastewater, marine resources, land use and coastal zone management; economic and financial issues; legal, institutional and regulatory frameworks; education and participation; and noise pollution (State Planning Organization, 1998). With the synthesis of NEAP from the working papers, the problem areas and action categories were set (Table 1) . Soil protection and pollution issues were included in the NEAP under 'Soil and Land Use' and 'Hazardous Wastes' headings. Soil protection, which is mainly considered as an agricultural concept, is mostly based on prevention of erosion, desertification, salination and misuse of agricultural land. For this purpose, the development of agricultural support policies and rural development policies; the preparation of action plans for the prevention of soil erosion, desertification etc. are accepted as mandatory actions (Annex 1). Land use decisions should be coupled with soil suitability classifications. Therefore, the preparation of more precise inventories of land and soil qualifications is one of the main targets. For the implementation of these action plans, the Soil Conservation • determination of polluted water and soil areas including areas with contamination risk,
• risk classification of polluted areas,
• taking remedial actions for the clean-up of polluted areas,
• implementation of projects and programmes for soil and water pollution prevention,
• preparation of emergency plans for areas with high contamination risk. For the prevention and control of soil pollution several regulations have been enforced after 2000, which were also a part of the Environmental Screening Process of EU.
Legal Framework
Turkey has many legislative elements that recognize the principles of pollution prevention and environmental management. The Environmental Law (1983) defines these principles and necessary activities, which are to protect and improve the environment, and to prevent and solve environmental problems. The Law prohibits the direct discharge of wastes into the receiving environment. It embodies the 'polluter pays' principle and set forth the concept of 'absolute liability' to enforce it. It sets monetary and imprisonment penalties in circumstances of violation of prohibitions and standards presented in the Law and regulations. According to the Law, procedures to be followed, plans to be created, standards to be met, and activities to be prohibited are specified in regulations. With the amendment of the Environmental Law in 2006, principles pertaining to the protection of soil and prevention of soil pollution are presented separately in a supplementary article. The introduction of higher fines and entry into force of the penal code's provisions, envisaging sanctions for environmental crimes are expected to improve inspection (Commission of the European Communities, 2006). The publication of a regulation for the control of soil pollution took a very long time, since the importance of soil pollution was not early realized. However, the Solid Waste Control Regulation (1991), the Environmental Impact Assessment Regulation (1993), and especially the Hazardous Waste Control Regulation (1995) provided the necessary measures to inhibit soil pollution. Both the Solid Waste Control Regulation and Hazardous Waste Control Regulation provide a legal framework for the management of municipal solid wastes and hazardous wastes. The target of the Solid Waste Control Regulation is to prohibit direct or indirect delivery, storage, transportation, removal and similar activities of any kind of wastes and residuals into the environment in a way damaging the environment; to prevent the pollutants which exhibit a permanent effect on air, water and soil, deteriorate the ecological balance. Thus, it only prevents soil pollution arising from the infiltration of leachate into the subsurface due to improper storage and disposal of municipal solid wastes. The purpose of the Hazardous Waste Control Regulation is to set legal and technical bases for the control and minimization of hazardous waste production, technical and administrative standards for the construction and operation of disposal sites, waste recycle, recovery and treatment plants. Similarly, it aims the prevention of direct or indirect disposal of hazardous wastes into the receiving environment. The regulation puts an emphasis on the necessity of reuse and recycling of hazardous waste. Under circumstances were reuse and recycling can not be carried out, appropriate disposal method is determined according to the characteristics of wastes and convenient technology. Both regulations, especially the Hazardous Waste Control Regulation, have no direct implications related to contaminated sites. The Hazardous Waste Control Regulation defines hazardous wastes with respect to the lists categorizing hazardous wastes in relation to their sources and chemical composition. Thus, any site, which is polluted by any of these categorized hazardous wastes, can be seen as a contaminated site. However, difficulties arise from the lack of information for most of the chemicals in these lists regarding specific maximum concentration levels (NATO, 2002). The consignor, the hazardous waste producer, is responsible from the remediation of polluted area. Expenditures to cover all types of environmental hazards are compensated by the consignor. The consignor is also obliged to annually fill out a waste declaration form, which includes knowledge about the type, amount and composition of produced hazardous waste, and the applied recovery and disposal method. On the other hand, the Hazardous Waste Control Regulation does not specify actions for the identification, remediation and control of polluted site. It only states that wastes are physically, chemically or biologically treated prior to the disposal in a controlled landfill, and for the minimization of their impact on the environment. In December 2001, the Soil Pollution Control Regulation, which is currently the major regulation related to soil pollution, was enforced. The purpose of this regulation is to specify the basic principles for taking the necessary precautions to prevent soil pollution. The regulation covers the technical and administrative principles related to activities like discharge, disposal and leakage of hazardous substances and wastes causing soil pollution, and the application of compost and sludge, arising from the treatment of domestic and industrial wastewater with domestic character, on soil. According to the regulation, the identification, investigation and monitoring of polluted sites are carried out by the Provincial Branches of the Ministry, which also determine the necessary measures to be taken. All expenditures are compensated by the polluter. Principles and methods for the identification, investigation, monitoring and remediation of contaminated sites are set forth by the Ministry. For the determination of pollution, limiting values for some heavy metals, a kind of indicative values, are given in Annex 1-A a), and target values for some inorganic and organic soil pollutants, which should be met after clean-up of site, in Annex 1A-b). The Soil Pollution Control Regulation has many deficiencies with respect to its practicality regarding the identification, investigation, monitoring and remediation of contaminated sites. The regulation has been amended in 2005, but still, it does not provide any principle and/or method to be followed with regard to these matters. The major revisions required should cover the following points:
• The scope of regulation should be restricted to prevention of soil pollution and remediation of contaminated sites; legislative framework for the application of sludge and compost on soil should be presented in a separate regulation.
• Principles and methods to be followed with regard to identification, investigation, monitoring and remediation of contaminated sites should be included.
• Principles of investigation for remediation and planning of remediation should be adopted.
• Indicative levels, soil remediation intervention values and target values for serious contamination of soil/sediment and groundwater should be specified.
• Inorganic and organic substances covered by the list in Annex 1A should be extended.
• Sampling, sample preservation, sample pre-treatment, analysis standard and analysis techniques for the substances in list for soil and groundwater medium should be defined in a new annex.
• Data required for determining the remediation urgency and the remediation deadline for listed substances should be presented in a new annex.
• A guideline covering the principles of selection of appropriate remediation technique should be issued.
Several other regulations, which are indirectly related to soil contamination, have been enacted in recent years. However, due to institutional problems, their implementation remains very low. One of the regulations is the Environmental Auditing Regulation (2002), whose objective is to regulate the principles and methods of environmental auditing of facilities, beginning with their construction, operation and production including waste management and disposal. The regulation presents a legal framework for the quality of work and practices carried out during environmental autiting, qualifications of auditors, responsibilities of facility owner, and tasks and authorities of auditing agencies. According to the regulation, the facilities are responsible to fill up a facility activity information form, which is periodically send to the Ministry, to keep related records and to maintain an internal environmental auditing programme on a yearly basis. The facility activity information form includes knowledge about the composition, amount of stored, consumed and produced raw material and chemicals, type of storage and disposal of wastes and their amount and composition, types and results of industrial accidents. Thus, with the implementation of the Environmental Auditing Regulation, the identification and especially registration of contaminated and suspected polluted sites will be easier. Another regulation, which includes issues on monitoring and prevention on hazardous substances in water, sediment and soil is the Regulation 
Current Status of Contaminated Sites in Turkey 4.1 Sources of Soil Pollution
According to a working paper of Eighth Five-Year National Development Plan, main sources of pollution are illegal waste dumping sites, as well as municipal and industrial waste disposal sites (State Planning Organization, 2001). Especially industrial wastes, either buried illegal or disposed off in temporary storage sites close to the factory, cause to contamination of both soil and groundwater. Statistical data of the Turkish Statistical Institute (TUIK) presents that 47,3 % of disposed industrial waste was disposed into the sea, lake or river, 20 % was disposed off in municipal dumping sites, 10,9 % was controlled landfilled, 9,3 % was stored in the field of establishments, 2,4 % was incinerated and 10,1 % was disposed off by other methods in 2004. 60 % of total disposed industrial waste belonged to the basic metal industries, followed by the non-metallic mineral industry (14 %), manufacture of food and beverages industry (13 %) and manufacture of chemicals and chemical products industry (5 % Besides industrial waste disposal sites, industrial facilities causes to pollution due to handling losses, leakages from raw material or product storage tanks and pipelines, and accidents. Among industries, the chemical industry and metal working industry are the most polluting industries followed by the oil industry (refineries). Other activities resulting in the contamination of soil in Turkey are mining and energy production activities. Generally mine tailing disposal sites have no lining or drainage systems. Considering power plants for energy production, disposal of their ashes is very problematic. For energy production, the amount of waste generated increased from 18,8 million tonnes in 2000 to 26, 4 million tonnes in 2004, despite the reduction of its share in waste production from 26 % to 24 %; the share of municipal waste and manufacturing industry is 40 % and 36 % respectively (Turkish Statistical Institute, 2006). Generally, in Turkey, both mine tailings and coal ashes are stored within the establishment under uncontrolled conditions.
Contaminated Sites in Turkey
The problem of polluted sites started to emerge especially in heavily industrialized regions of Turkey. However, an inventory of contaminated sites is not maintained (State Planning Organization, 2006b). Currently, identification of any contaminated site is not based on a certain systematic approach. Sites are mostly identified after some potential problems become obvious and public, as a result of the efforts of local authorities or concerned citizens (NATO, 2002). The number of contaminated sites is expected to be in the range of 1000-1500, of which 5-10 % are believed to be sites requiring remediation (Ünlü, 2006). Soil pollution incidents, which became public, are mostly due to illegal disposal of industrial wastes, oil leakages resulting from accidental spill at oil storage tanks or pipelines, metal leaching from disposed metal ore processing residues and waste disposal sites. Remedial measures were carried out for very few of the contaminated sites. Therefore, some information about the contaminated sites and the remediation techniques used exists officially. However, there is no statistical data about formerly used remedial technologies and methods. Several publicly known soil pollution incidents are given below.
Tuzla Orhanli, Istanbul
The soil pollution incident in Tuzla Orhanli, one of the most publicly known incidents relies on the discovery of 640 toxic barrels in Tuzla Orhanli, a town near Istanbul, in 
Cayırova Gebze Incident
Cayirova Gebze incident was a subject of the media in the same period of the Tuzla incident. Five barrels, full with asbestos, were found together with some other wastes near a village close to Cayirova Gebze. The Environmental Protection Department of the Kocaeli Greater Municipality took the necessary precautions and the team from IZAYDAS, which were informed, transported the barrels for inspection.
BOTAS Pipeline Incident Near Ataturk Dam
The leakage of crude oil from the Batman-Yumutalik pipeline of the Petroleum Pipeline Corporation (BOTAS) near the Ataturk Dam is among the important accidental soil pollution incidents. In April 2005, about 20-25 thousand barrels of crude oil leaked out and caused to pollution in the bay of Yiginak village and shore of Baglica village and surrounding soil, near Sanlıurfa. While the pipeline was repaired, the dispersion of oil in the lake was prevented and afterward collected with the help of barriers. About 500 tons of contaminated soil were removed and transported to a site of 20 acres. The less contaminated soil was cleaned-up with a bioremediation method at the technically arranged site. The highly polluted soil, on the other hand, was transported together with other oily wastes to IZAYDAS incineration plant.
Kocaeli Earthquake Incident
In August 1999, the earthquake, with a magnitude of 7,4 MW, struck the Kocaeli and Sakarya provinces in north western Turkey. The affected region is one of most economically dynamic regions. Industries, which were damaged, were the petrochemical industry, automotive industry and other industrial facilities like paper mills, steel mills, cement, textile and pharmaceutical factories, etc. Among the state-owned petrochemical complexes the heaviest damage occurred at the TUPRAS refinery itself and associated tank farm with crude oil and product jetties. Six tanks of varying sizes in the tank farm of 112 tanks were damaged due to ground shaking and fire. Considering the IGSAS fertilizer factory, ammonia processing and packing units were partially and the administration building extensively damaged. The PETKIM petrochemical facility had limited damage. Besides structural damages at many facilities and factories, other important ones were the silo collapses at the SEKA paper mill, storage rack collapse, toxic releases from mixing chemicals and damaged piping at the Toprak pharmaceutical firm, damaged tanks at the AKSA chemical installation in Yallova, which was associated with leakage of chemicals. Under such catastrophic conditions the contamination of soil and water resources as a result of leakage from storage tanks, pipelines etc is mostly inevitable (Erdik, 2007). . In addition to soil and possible reservoir water pollution problems, another primary concern at this site is pollution of the Midyat aquifer due to injection of nearly 20 million m 3 of formation water between the years of 1971 and 1996. Formation water contains high amounts of brine (containing 3 000 mg Cl -/L and 6 500 mg TDS /L) and some emulsified oil (500 mg/L) (NATO, 1998).
Incirlik PCB Contaminated Soils Site
The contamination at Incirlik was due to PCB oil leaking from storage drums at a military reutilization yard during its operation between 1970 and 1988. In 1991 the contaminated soil was excavated and stored in approximately 300 drums and in a pile. Estimated PCB-contaminated soil volume is 1 600 m 3 . PCB concentrations measured in composite soil samples range up to 750 ppm (NATO, 1998). The NATO report indicates that incineration and solidification/stabilization were evaluated for the remediation of contaminated soil; however which one was used is not known.
Chromium Ore Processing Residue Dump Site
Another soil pollution incident reported by NATO (1998) is the chromium ore processing residue dump site. Chromium ore processing residues, which were produced by a chromate production facility, were dumped at a temporary dump site near the factory. Cr (VI) leaching from the residues, containing nearly 25 000 ppm of total chromium, caused to the contamination of soil and groundwater.
Toxic Barrels of Samsun and Sinop
The discovery of 392 barrels at the Black Sea coastline in 1988 is one of the first soil pollution incidents in Turkey. Investigations revealed that the barrels belonged to the Italians. These barrels were thrown into the Black Sea by an Italian Ship, which was carrying about three thousand toxic barrels. About 240 of barrels have been in storage in Alacam near Samsun and the remaining in Soguksu Sinop. Despite the fact that the barrels belonged to Italy, the barrels could not be send back to Italy for 18 years. Finally, it was planned that the toxic barrels are sent to disposal facilities in Germany with a support of the Turkish Cement Manufacturers' Association, which includes Italian companies as well. IZAYDAS, which took the barrels from Samsun and Sinop, transported the barrels to Izmir for further shipment to Europe for their disposal. Unfortunately, about 150 barrels were found empty thus indicating to a contamination of both soil and water resources.
Other Suspected Contaminated Sites
There were some complains about barrels, which were temporary stored by Turkish Petroleum Refineries Corporation (TUPRAS) at a site in Batman for years. These barrels, over hundred pieces, contain chemicals from the petroleum refinery. Competent of TUPRAS stated that the barrels were going to be removed by IZAYDAS. There are many other storage sites, which are accepted as temporary sites, but rather work permanently. According to a hazardous waste management report written by Zanbak and Bayazit Tugal (1997), there is a need for the registration, investigation and rehabilitation of these temporary hazardous wastes disposal sites. Municipal solid waste dumping sites, especially those used by metropolitan or greater municipalities, cause to significant pollution of soil and groundwater, which is well known. In Turkey, most of the time, commercial and industrial wastes are disposed off together with domestic solid wastes, thus increasing the contamination potential of leachate. Most of the municipal dumping sites do not have a drainage system for leachate collection and a clay layer to prevent leaching into soil and groundwater. When the use of dumping sites is completed, their rehabilitation is carried out. Since measures for the collection and treatment of leachate are generally not taken the contamination of soil and groundwater continues. There are over 3200 municipalities in Turkey, but the number of sanitary landfills and landfills with EIA approval is not over fifty. Under these circumstances it is not difficult to estimate the number of dumping sites suspected as contaminated sites. Some closed or still operating municipal solid waste dumping sites, well known for conditions are Yakacik (with a capacity of 600 000 m 3 ), Ümraniye (with a capacity of 2 million m 3 ) and Halkalı (with a capacity of 10 million m 3 ) dumping sites of Istanbul (closed), Mamak dumping site of Ankara (operating), Cigli, Uzundere, Buca, Isikkent, Güzelbahçe, and Gaziemir dumping sites of Izmir (closed).
Conclusion
Since 1990s Turkey has made significant environmental progress with reforms in institutional and legislative frameworks. The Ministry of Environment (now the Ministry of Environment and Forestry) was created and various environmental legislations were adopted. As a part of national development plan, the National Environmental Action Plan was developed. Soil protection and pollution issues were included in this plan and the need for the registration of environmental pollution was emphasized. Several regulations for the control and prevention of soil pollution were enforced, however there are problems related to their implementation. Despite the enforcement of both Hazardous Waste Control Regulation and Solid Waste Control Regulation, there is still a need for improvements in the waste management system. For the monitoring of waste generation activities and pollution potentials of industries, a complete and correct filling of annual waste declaration form is very important. In addition, the information of the facility activity form required by the Environmental Auditing Regulation will support the development of a waste inventory and the identification of the needs for necessary waste treatment and disposal facilities. The data provided from the implementation of both regulations will also facilitate the identification and registration of contaminated sites. The Soil Pollution Control Regulation is relatively new and requires a major revision for its practicality on issues like identification, investigation, monitoring and clean-up of contaminated sites. The lists for limiting values of inorganic and organic contaminants need to be extended and indicative values, soil remediation intervention values and target values for all contaminants to be included. Programmes providing a systematic approach for the identification, monitoring and remediation of contaminated sites are needed to be developed. The Ministry of Environment and Forestry, which is aware on these deficiencies of regulation and current practices of contaminated sites, carries out a project on "the Development of a Management System for Point Source Contaminated Sites," together with the Environmental Engineering Department of Middle East Technical University. The purpose of this project is to determine the necessary points of the Soil Pollution Control Regulation to be amended and publish a conceptually and technically revised Soil Pollution Control Regulation, to adopt specific soil quality standards based on land use, to develop a contaminated sites identification and registration system, a contaminated site evaluation system and a computer software for the contaminated sites information system. It also aims to develop technical guidelines for the investigation, risk evaluation, clean-up and monitoring of contaminated sites. With the accomplishment of the project a contaminated site management system will have been developed, which is of upper most need. Especially in heavily industrialized regions of Turkey problems with respect to contaminated sites has increased. Main sources of pollution are industrial facilities, disposal of municipal and industrial wastes, mining and energy production activities. Currently, an inventory for contaminated sites does not exist. However, soil pollution incidents, which became public, are mainly illegal dumps and temporary industrial waste disposal sites.
Detailed information on the size of contaminated site, the concentration and characteristics of pollutants and impacts of pollutants on the groundwater and other receptors is mostly not available. Similarly, knowledge about the measures taken and the remediation methods/techniques used is limited to recent contaminated sites. In general, the contaminated soil is removed from the area and either incinerated or controlled landfilled. Soil contaminated by hazardous substances is mostly incinerated at the IZAYDAS incineration plant. For the remediation of petroleum contaminated soil, bioremediation is also considered besides incineration. Municipal disposal sites are mostly rehabilitated after closure. However, any remedial action for the control of underground contaminant transport is generally not carried out. The importance of soil pollution prevention and remediation of contaminated sites will especially increase in future with the recognition of the groundwater pollution problem. There is an accelerated degradation of groundwater quality and a raised withdrawal in recent years. The use of groundwater resources for domestic water supply purposes, on the other hand, will make the situation more serious. Since contaminants are wider dispersed in groundwater rather than soil, increasing the costs of remediation, the protection of groundwater resources and prevention of pollution will become environmental issues of high priority. This book on Environmental Technology takes a look at issues such as air, soil and noise pollution problems, environmental quality assessment, monitoring, modelling and risk as-sessment, environmental health impact assessment, environmental management and envi-ronmental technology development. It represents institutional arrangements, financial mechanisms and some sustainable technologies. The user can always count on finding both introductory material and more specific material based on national interests and problems. The user will also find ample references at the end of each chapter, if additional information is required. For additional questions or comments the user is encouraged to contact the author.
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